Spatial planning is a valuable tool to support sustainable development by basing the plans, measures and interventions on key sustainability principles. The development of a spatial plan runs through three main processes; baseline data analysis of the existing situation and problems and potentials; formulation of objectives and strategies; and integration across sectors and synthesis of all aspects into a coherent balanced spatial framework. The technical part of planning was based on development of a comprehensive Geographic Information System (GIS) and database system and also included mathematical models to predict outcomes of certain measures. The planning maps of the relevant issues are constructed in order to plan for watershed management. As an example, the initial analysis determined that reforestation was a high priority issue for many reasons, both related to preservation and enhancement of nature and environment and people's living conditions. GIS was applied to define potential zones for reforestation and mathematical models calculated the result in terms of runoff, sedimentation and water quality. The potential zones for reforestation were then used as a framework for integrated planning. This paper will demonstrate the planning maps used for integrated water shed management on the basis of spatial planning concept.
INTRODUCTION
Watershed management on the basis of the concept of sustainable development requires integrating and balancing of economic, social, legal and environmental dimensions. This paper presents the Pong watershed management as case study. The Pong watershed is an important watershed in the Northeast region of Thailand. It is divided into three sub-watersheds ( Figure 1) . The upper sub-watershed covers the Phrom, Choen, upper Pong and Paniang rivers. The middle sub-watershed covers mainly the Ubonratana reservoir. The lower sub-watershed covers the lower Pong River and its tributaries. Due to the difference in geography and land use patterns, each sub-watershed has somewhat different problems. The upper sub-watershed has encountered deterioration of natural resources, particularly deforestation problems. Transformation of forest area to agricultural area in the past has caused problems of flooding and soil erosion. The lower sub-watershed has encountered water pollution and impacts on the aquatic life due to discharge of wastewater from industries, agriculture including aquaculture and communities into the river. It is therefore highly recommended to introduce effective watershed management based on the concept of sustainability and integration using spatial planning.
Figure 1 The Pong Watershed
The word spatial comes from space; and spatial planning has to do with our surroundings, the environment, nature, and everything that we build, construct or do to our surroundings. Basically spatial planning is about setting a framework for land use, investments in large public or private projects and protecting or enhancing our natural resources and the environment. To do this, spatial planning uses maps and models and introduces measures, interventions and regulations to each particular area or zone. Spatial planning can be a valuable tool to support sustainable development by basing the plans (zones), measures and interventions on key sustainability principles. This is particularly relevant in connection with principles regarding environment and nature and activities or constructions that use or otherwise impact on our natural resources and environment. The development of spatial plans runs through three main work processes:
1. Baseline Data Analysis of the existing situation and problems and potentials. 2. Outlining objectives and strategies. 3. Integration across sectors and synthesis of all aspects into a coherent integrated spatial framework.
Baseline data analysis
The preparation of a Baseline Data Analysis is the first step in the planning process and the intention is that the analysis should provide an overview of the present situation as well as an estimated best guess of how the future might look if present trends continue. This should include identification and assessment of significant impacts on the environment, economy and social conditions as well as an analysis of opportunities or potentials.
The analysis of potentials for sustainable development and root causes of problems should also lead to identification of appropriate key sustainability indicators. Thus, the subsequent monitoring will not only measure the state of the environment, but also the impacts and processes that causes the problems as well as the progress of utilizing the potentials for sustainable development.
The Baseline Analysis includes collection and assessment of a variety of data, maps and other information. In this case, the data was organized in a database and web mapping system, which provides easy access to maps, data and planning tools over the Internet.
Strategy formulation and setting objectives
The next phase concerns formation of strategies. The starting point and framework are the National Policies, Legislation and guidelines, Regional and Provincial Development Plans, and other guiding documents of concern for the planning of environmental management and sustainable development. In this case the strategy formation should ensure alignment with the National policy and legislation; the Provincial Development Plan and the Regional Environmental Management Plan.
Strategy making involves data synthesis; looking at all factors simultaneously; seeing the wholeness -in other words a holistic approach. However, strategy making should of course be built on the analysis of problems and potentials, and after an outline of a strategy has emerged the more rationale analytically oriented work can return to formulate objectives, prioritise and assess various measures and interventions. Strategy-making can be a somewhat fluid and intangible undertaking, and in order to structure and prepare for putting the strategy into action it is helpful to draw up a series of governing principles. Translating these principles into plans falls in the next phase of the planning process.
The outcome of this phase is an outline of a strategy that sets the direction for the way forward and includes a prioritized set of issues and guiding principles.
Integration and synthesis
Integration and Synthesis in spatial planning is a giant puzzle, where the pieces are changing in the process. The main part of the work in this phase of the planning process comprises preparation of planning maps, delineating zones and determining appropriate measures and interventions. The previous two phases have produced: Baseline data in a GIS and web-mapping system; Overview of major problems and potentials; Prioritized list of planning issues; Outline of the strategy including overall objectives and principles for the spatial plan. These products are the building blocks for preparing planning maps and setting-up measures and regulations. The preparation of planning maps and measures involve a number of technical sub-processes. The most important sub-processes are: setting criteria, data transformation; preparing GIS applications; production of draft maps, defining draft measures, regulations and interventions, integration; cross-checking; and balancing competing or conflicting interests, Production and publication of final maps and measures. Figure 2 illustrates the spatial planning concept.
Figure 2 Spatial planning concept
As the whole Pong watershed occupies a very large area, the spatial planning concept was applied only for Khon Kaen province located in the lower Pong sub-watershed. The planning maps of the relevant issues are constructed in order to plan for watershed management including i) potential areas for reforestation; ii) potential, protected and critical area for groundwater; iii) agriculture protected areas; iv) flood prone areas; v) drought risk areas; and vi) soil degradation risk areas. This paper primarily focus on the planning of potential areas for reforestation, because the initial analysis determined that reforestation was a high priority issue for many reasons, both related to preservation and enhancement of nature and 
environment and people's living conditions. Moreover, this particular planning map demonstrates how spatial planning can be applied to integrate relevant issues for watershed management.
METHODS

Preparation of the map of reforestation potential area
The reforestation potential areas were constructed as follows: 1. A set of maps with baseline data; i.e. Administrative boundaries, cities, towns, villages, infrastructure, land use, water bodies and rivers, topography were prepared.
2. Consultations among planners, stakeholders, involved agencies and the people with knowledge about local issues and public forums were conducted to identify the criteria of the reforestation potential area map. The GIS layers used in this study were: land use, national parks, watershed classification, land usage in reserved forest areas, degraded soil risk areas, potential, protected and critical areas for ground water, flood prone area, boundaries of municipalities and comprehensive plan of 4 towns, and existing forest.
3. All of these GIS layers were overlaid using Arcinfo Program to identify and delineate the potential area. The details of criteria are shown in Figure 3 .
4. The planning map for reforestation potential areas was constructed according to the criteria. 5. The measures of planning map were recommended for each zone of planning map. The total area of Khon Kaen province is approximately 1.06 x 10 6 hectare (10,600 Km 2 ). The total existing forest area recorded in 1999 is about 0.16 x 10 6 hectare or 14.50 % of the province. According to statistic data from the Royal Forest Department (RFD), since 1961 the forest area has continually decreased. Figure 4 presents the details of forest data in Khon Kaen province.
Figure 4 Forest Data in Khon Kaen Province
The degradation and loss of forest cover has resulted in loss of resources and numerous problems in terms of loss of biodiversity, flooding, water shortage in dry season, degradation of soil and increased salinity problems. Thus the reforestation planning map also takes other environmental data especially watershed classification, groundwater, flood and soil degradation into account. The planning map of reforestation potential area was constructed to define the potential zones for reforestation. The potential zones were then used as a framework for an integrated plan.
Planning map of reforestation potential area
According to the criteria stated above, the reforestation potential area was divided into 5 zones. As a general criteria water bodies and residential areas were excluded. Figure 5 presents the map of reforestation potential areas and the zones are described below. Zone 1 (highest potential areas): Area in National Parks and Watershed Class 1 without trees; Zone 2 (high potential areas): Area in Forest Zone C (conservation forest) beyond National Parks and in Watershed Class 2 without trees; Zone 3 (medium potential areas) : Area in Forest Zone E (economic forest) without trees; Zone 4 (low potential areas):
Area in Forest Zone A (agricultural forest) without trees and not used for agriculture; Zone 5 (lowest potential areas):
The following areas outside the reserved forest zones: i) upland areas at high risk of soil degradation; ii) groundwater protected areas of groundwater; iii) areas with moderate risk of flooding;
The results of the GIS analysis indicate that the total potential area for reforestation is approximately 0.18x10 6 hectare (17.0 % of the province area). The details of the results are shown in Table 1 . 1961 1973 1976 1978 1982 1985 1988 1990 1991 1993 1995 1998 1999 Year Area ( 1961 1973 1976 1978 1982 1985 1988 1990 1991 1993 1995 1998 1999 Year If reforestation in those potential zones is carried out, the forest area would be increased from the existing forest area (which occupies 14.5% of provincial area) to 31.5% of the provincial area (0.34x10 6 hectare).
The measures for reforestation should be implemented as follows. Zone 1 and 2: Responsible agencies should actively reforest and rehabilitate forest, prevent forest fire and encroachment with systematic and technical approach. Zone 3:
Responsible agencies should actively promote and encourage the private sector/people to grow economic trees/plantations. Zone 4:
Responsible agencies should actively promote people to grow quick crops for general uses. Zone 5:
Responsible agencies should actively promote private sector/people to grow economic trees following the economic plantation project from Royal Forest Department or foster people to grow fast crops for general uses.
Figure 5 Reforestation potential area in Khon Kaen province
Implementation of spatial planning in the upper Pong watershed
Another study of the Pong watershed concerned simulations of the effect of decrease/increase in forest cover on runoff, water quantity and sedimentation. The simulations were based on mathematical models for four sub-watersheds in the Upper Pong Watershed. For each sub-watershed the models predicted runoff, water quantity and sedimentation load. The findings were integrated with spatial planning for reforestation to indicate both the location and the effect of reforestation in the sub-watersheds. The findings of the simulations are presented in this section together with a proposal how to integrate the findings with spatial planning.
The four sub-watersheds are the Phrom, Choen, upper Pong and Paniang sub-watersheds, all of which belong to the upper Pong watershed. They each occupy a forest area of 28.75%, 37.22%, 47.87% and 22.44% of the total area of each sub-watershed, respectively ( Table 2 ).
The simulations of the effects of decreasing forest areas indicate that the Phrom sub-watershed would present the highest change of surface runoff followed by the Paniang sub-watershed. Thus, with a 10% decrease of forest area, the surface runoff increases 7.5% and 2.4% for the Phrom and Paniang subwatersheds respectively ( Table 3 ). The Choen and the upper Pong sub-watersheds show a slight change of surface runoff (0.02%). The runoff quantity predicted by the mathematical model is used to assess the quantity of suspended sediment. The assessed results also indicate the effects of reforestation measures in terms of soil erosion and sedimentation. Thus, with a 10% increase in forest area, the sedimentation of the Phrom sub-watershed would decrease by 11.03%.
For the upper Pong River watershed, decreasing forest area was simulated to predict the water quantity.
The simulations indicate that the alterations of water quantity were highest in the Phrom watershed followed by the Paniang watershed. The Choen and the upper Pong watersheds were similar. The simulated water quantity was used to evaluate the sediment loading on the river by the mathematical equation. Accordingly, the sediment loading on the rivers was highest in the Phrom watershed (13.28%), followed by the Paniang (4.26%), Choen (3.66%) and upper Pong watersheds (2.76%), (Table 4) . Therefore, it can be concluded that an increasing forest area would minimize the risk of flooding resulting from a high flow, and would also minimize erosion and sedimentation. The simulations indicate that reforestation is strongly needed in the upper Pong watershed. The potential areas for reforestation should be identified through the development of spatial planning maps. This should be followed by sub-watershed based simulations and modeling of the effects of reforestation in terms of flooding, erosion and sedimentation. The results of the simulations should be integrated with the spatial planning map to further prioritize and point out where reforestation would be feasible and have the greatest effect.
In terms of actually implementing and ensuring the reforestation it is crucial that the process of developing the planning maps and the reforestation measures is conducted as a participatory process involving all relevant stakeholders.
CONCLUSIONS
Spatial planning is a type of planning that works with data and maps concerning the physical environment and the socio-economic situation in an area. However, when combined and integrated with technical model simulations, spatial planning can be further developed and applied as an effective tool for watershed management. The example presented here demonstrates that technical simulations provide a valuable input to the identification and prioritization of potential areas for reforestation; however, it is very important that a participatory process is applied for the development of criteria and measures for the potential areas.
